Abstract Internet-based interventions have potential to reduce HIV and STD transmission among men who meet male sexual partners online. From November 2009 to May 2010 we surveyed dating and hook-up website users (n = 3,050), website owners (n = 18), and health department HIV/STD directors (n = 81) to identify structural and behavioral prevention interventions that could be implemented online and which a majority of website users were willing to use, owners were willing to implement, and HIV/ STD directors perceived to be effective. A majority of each of the three stakeholder groups agreed on the following: (1) automated HIV/STD testing reminders, (2) local STD test site directories, (3) links to sex-positive safe sex videos, (4) access to sexual health experts, (5) profile options to include safer sex preference, (6) chat rooms for specific sexual interests, (7) filtering partners by their profile information, and (8) anonymous e-card partner notification for STD exposure. Findings help build consensus about how to prioritize resources for implementing online HIV and STD prevention interventions and highlight differences between stakeholders to guide future discussion about how to advance prevention efforts.
Introduction
Many men who have sex with men (MSM) search for new relationships, both casual and romantic, on websites designed for dating and finding sexual partners. As many websites offer memberships for free or low cost, their use is widespread, and many men search for partners on multiple sites. Prior studies have shown that MSM who use the internet to find sexual partners are more likely to report unprotected anal intercourse with non-primary partners and more likely to report a previous STD compared to other MSM [1] [2] [3] . As early as 1999, an outbreak of syphilis in MSM was associated with meeting sexual partners on the internet in San Francisco [4] . By 2002, the internet surpassed bathhouses, sex clubs, and bars as the most frequently named type of venue where individuals diagnosed with syphilis reported meeting partners in some health jurisdictions [5] . However, over time it appears that differences in sexual risk behavior between internet users and non-internet users may be diminishing [6] .
While the effect of the internet on individual risk behavior may be unclear, its impact at the population level deserves our close attention. There are several attributes of the internet that may either increase HIV and STD transmission, or conversely, may enable or promote highly effective prevention strategies. On the one hand, the internet may affect the shape and structure of sexual networks [7, 8] . For example, it enables individuals to meet new romantic and sexual partners outside their immediate social circle. Additionally, in some areas of the country, particularly rural areas with few organizations or bars catering to MSM, the internet may be one of the few ways MSM can meet. In large cities with established gay neighborhoods, organizations, bars, and clubs, the internet may provide an additional venue for partners to meet each other. On the other hand, the internet has strong appeal as a tool for disseminating health information and for delivering specific HIV and STD prevention interventions. The internet allows for communicating messages quickly and inexpensively to large numbers of people, including populations at risk for HIV and other STDs who are difficult to reach by other means, and for tailoring those messages to individuals with different demographic characteristics, preferences, and risks. Furthermore, many dating and hook-up websites already enable men to search for partners with characteristics they desire and to disclose sensitive information such as HIV status more comfortably than they may be able to do in other situations [9] . On many websites, men can exchange information about HIV and STD status, drug and alcohol use, and their preferences for sex with or without condoms. To the extent that users describe themselves truthfully, exchanging information allows men to make more informed decisions about their health.
Historically, the public health field has relied on individual or small group behavioral interventions and online partner notification [10, 11] . The internet's ability to distribute information efficiently or to assist MSM in making informed choices about their partners has not been fully leveraged. This may be particularly important for those individuals who do not choose to participate in formal behavioral interventions. There is currently no consensus about which online HIV/STD prevention strategies would be most effective because of the lack of data gathered through randomized controlled trials (RCTs) or other rigorous studies, or which would be accepted by both website owners and users. The latter has resulted in prevention programs focusing on behavioral interventions that may be used by only a small minority of men online. Offline, few behavioral interventions have shown evidence of reducing HIV or STD incidence at the population level [12] [13] [14] . In one national study, only one percent of men sampled in bathhouses or bars had ever participated in individual-level interventions [15] ; at present, it is unlikely that many more men would have participated in prevention interventions online. Moreover, website owners and health department HIV/STD directors are likely to have very different perspectives and priorities. HIV/STD directors are not likely to focus on the business of running a dating or hook-up website, to fully appreciate the technology used to run the sites, or to consider the costs, capabilities, or limitations of the website when implementing programs. For their part, website owners cannot be expected to assess the evidence for or against specific prevention interventions, to design health promotion programs, or to prioritize user health benefits in their business models.
In brief, we perceive no clear consensus about which HIV/ STD prevention strategies may be most effective, most acceptable to website owners, and most likely to be used by website clients. This study therefore brings together, for the first time, the voices of three groups who are key stakeholders for HIV and STD online prevention programs: website users, website owners, and public health department HIV/STD directors.
Methods

Overall Study Goal and Design
The overarching goal of this study was to garner the opinions of three different groups of stakeholders through three separate cross-sectional surveys as to which existing and potential online interventions are perceived to be effective in reducing HIV and STD transmission, are likely to be used by large numbers of MSM, and are likely to be implemented by website owners catering to MSM. Recruitment, eligibility criteria, and survey measures differed between the three stakeholder groups who served as study subjects.
Study Subjects
We developed a comprehensive list of gay-oriented dating and hook-up websites through consultation with experts, key informants, and a review of the literature, and based our sampling frame of website owner stakeholders on this list. Some sites exclusively served gay and bisexual men; others targeted persons of all sexual orientations. Only sites with users in the United States were included. For all websites that we identified, we attempted to recruit the owner or most senior manager available through e-mail invitations and follow-up telephone calls. Several managers collected input from different staff members, but only one composite survey was submitted for analysis for each website.
We invited all directors of HIV and STD programs from state health departments and separately funded city health departments to participate, using membership rosters of the National Coalition of STD Directors (NCSD) and National Alliance of State and Territorial AIDS Directors (NASTAD).
We recruited users by placing banner advertisements on several hook-up and dating websites. In order to increase survey response in underrepresented groups such as AsianPacific Islanders, different community organizations catering to minority MSM also sent e-newsletters inviting 
Measures
We asked each of the three stakeholder groups to evaluate 41 potential behavioral and structural online HIV and STD prevention interventions-a list elaborated through searching the literature [11, [17] [18] [19] [20] [21] , cataloguing interventions currently being implemented on different websites, and focus group discussions. Additionally, we augmented this list as new possible interventions arose during the course of the surveys (see Table 1 for a complete list of interventions, as described in the surveys). Of note, the list of potential online interventions was crafted to be comprehensive without regard to whether RCT or other rigorous evidence of efficacy was available under the rationale that not all interventions in practice have been tested and that our data could help guide those that are most promising for future rigorous testing through RCTs. We first surveyed website owners and HIV/STD directors, and additional strategies that they suggested in open-ended questions in these surveys were then incorporated into the survey given to website users. The key measures of interest were to gauge opinions on likely efficacy, use, and willingness to implement various types of interventions online. We asked website owners to rate how willing they were to implement each intervention using a 5-point Likert scale (1 = very unwilling, 2 = unwilling, 3 = neutral, 4 = willing, 5 = very willing). ''Not applicable'' was also given as an option. We asked website users to rate their likelihood of using different services or strategies on a 5-point Likert scale (1 = very unlikely, 2 = unlikely, 3 = neutral, 4 = likely, 5 = very likely). We asked HIV/STD directors to rank how much they perceived different services or interventions would increase or decrease HIV and/or STD transmission. Survey options included a similar 5-point Likert scale (1 = substantial increase, 2 = some increase, 3 = no impact, 4 = some decrease, 5 = substantial decrease). After weighing the trade-offs between a high response rate and comparability, in some cases we asked the HIV/STD directors to select strategies they preferred from a longer list of options rather than to rate each intervention individually.
Analysis
We determined areas of agreement and disagreement between the three groups of stakeholders. For each of the 41 potential online interventions, we classified the stakeholders as providing support if a majority (C50 %) of HIV/ STD directors selected them as having an impact on reducing HIV or STD transmission, if a majority of MSM website users ranked them as likely or very likely to use, and if a majority of website owners were willing or very willing to implement them. We first identified those interventions supported by all three groups of stakeholders, followed by determining those interventions that no group supported, as well as interventions that two of the three stakeholder groups supported. Comparisons were examined using the Chi squared test, and p values of \0.05 were considered statistically significant. Stata 11.0 was used for analysis.
The study protocol was reviewed and approved by the Committee on Human Research of the University of California at San Francisco. All participants provided online consent.
Results
We collected stakeholder survey data between November 2009 and May 2010. Of 114 members of the NCSD and NASTAD identified, 81 (72 %) responded to our survey. Of 31 website owners contacted, 18 (58 %) completed the survey. Some participating website owners represented sites which exclusively served gay and bisexual men; others served individuals of all sexual orientations. These sites served men looking for brief sexual encounters or ''hook-ups,'' dating, relationships, and male escorts. Some sites catered to men looking specifically for unprotected sex. During the eight weeks of recruitment for website users, 6,896 responded to the link; 6,032 (87 %) were considered eligible, consented to participate, and went on to answer the first question; 3,050 (51 %) completed the survey and are included in the present analysis. The characteristics of these website users are shown in Table 2 . The majority were under the age of 35 years (57 %) and white (69 %), with 13 % identifying as African-American/black and 8 % as Latino. Although we did not collect demographic data on persons who did not complete the survey, 2. An independent website, not affiliated with any cruising website, where users could write reviews of the top cruising websites our sample includes comparable but somewhat fewer white and Latino participants, more African-American participants, and similar percentages of Asian-Pacific Islander and Native American participants as one national study of MSM [22] . Of the 41 proposed online HIV/STD prevention interventions, there were eight which a majority of HIV/STD directors perceived would reduce HIV and/or STD transmission, a majority of website users were willing to use, and a majority of website owners were willing to implement (Fig. 1) . These interventions included ways of searching for partners (e.g., filtering partners by profiles, or providing chat rooms for men sharing preferences for particular kinds of sex or partners), the profile option of safer sex preference, health information delivered by a sexual health expert, education through sex-positive videos, STD testing facilitated by a directory, and automated reminders to get tested at an interval of the user's choice. In addition, a majority of all three stakeholder groups supported the anonymous e-card approach to partner notification.
Six online interventions failed to garner support from a majority of any of the stakeholder groups (Fig. 2) . Only a minority of each of the three groups felt that links from dating and hook-up sites to social network profiles, links to blogs about cruising, or including in profiles drug use preferences, interest in methamphetamine use during sex (party and play or ''PnP'' preference), hepatitis C status, or the date of the most recent STD test would be worthwhile, appealing, or feasible.
A majority of HIV/STD directors and website users supported seven interventions that only a minority of website owners were willing to implement (Fig. 3) . These included health department-initiated partner notification for both STD and HIV exposures, keeping a ''black book'' of sexual partners online, and user-tailored health information. Additionally, website owners were less likely to endorse making statistics on STDs occurring among users finding partners on their website or the characteristics of users in aggregate, such as the number of men on their website who listed preferences for safe sex or barebacking, publicly available on outside websites. In contrast to health officials and the users themselves, website owners were less likely to endorse the inclusion of HIV status in profiles.
Three interventions were supported by a majority of website owners and health officials, but garnered little enthusiasm among users (Fig. 4) . These included online individual and group education sessions and live chat with an outreach worker. There were 11 interventions that a majority of users and owners supported, but were not deemed likely to have an impact on HIV and STD transmission by health officials (Fig. 5) . In contrast to e-card and health department initiated partner notification, most health officials did not support relying on individuals to notify their own partners of possible HIV or STD exposures. The ability to generate printable laboratory slips signed by a physician, enabling users to go directly to local laboratories to get tested for STDs without first being examined by a healthcare provider, was not endorsed by the majority of HIV/STD directors. Several additional interventions were appealing to users and feasible to owners, but were perceived to have little impact on transmission in the opinion of HIV/STD directors, such as advice on writing profiles, links to social events, and including relationship status and sexual behavior preferences in user profiles.
We found that African-American survey participants were generally more supportive of strategies than white participants. However, while a majority of African-American participants supported ''HIV status'' and ''safe sex preferences'' as profile options, they did so at slightly lower levels than white participants (77 vs. 82 %, Chi square 4.61, p \ 0.05, and 73 vs. 80 %, Chi square 8.85, p \ 0.01, respectively).
Fifteen percent of survey respondents self-reported as HIV-positive, 76 % as HIV-negative, 7 % as unknown, and 2 % declined to answer. In examining differences between these groups, we found that HIV-negative respondents were generally more supportive of interventions than their 
Discussion
We believe the best way to succeed in promoting public health online, and more specifically to reduce HIV and STD infections, is to prioritize the implementation of the eight strategies that gained the support of a majority of all three stakeholder groups. Where rigorous evidence of efficacy is lacking, these interventions may also warrant priority to be tested in future RCTs. Many of these eight strategies allow three stakeholder groups to share responsibility and play to their respective strengths and interests. In this study, we found that all three groups were willing to participate in online HIV and STD prevention efforts and to contribute their specific expertise and insight. For example, HIV/STD directors were willing to create and maintain directories of STD test sites, website owners are willing to have links to them, and users are willing to access them. With the exception of continuous availability of a medical expert online, it is notable that the strategies supported by a majority of all three stakeholder groups may be considered ''structural interventions,'' in that once implemented (some at relatively low, one-time costs) as policies or software code, their preventive effects would persist over long periods with wide reach [23] .
In addition to moving ahead with strategies which all three groups supported, we believe that there are benefits in further discussing those interventions which two out of the three stakeholder groups endorsed. First, if experts favorably weigh the evidence and users express willingness to use certain interventions, then owners may find some of them more acceptable. These interventions included health department-initiated STD partner notification, HIV partner notification, keeping a black book of online sexual partners, user-tailored health information, STD statistics for specific websites, aggregate statistics on website user characteristics, and inclusion of HIV status in profiles. It is not surprising that a majority of owners failed to support several of these interventions. For example, publicity about high rates of syphilis occurring among men who reported meeting partners on a particular website could deter customers. Second, potential interventions supported by website owners and HIV/STD program directors may be made more acceptable or appealing to certain groups of users, such as high-risk or HIV-positive men. Interventions supported by website owners and users but not judged likely to reduce HIV and/or STD transmission by health experts, such as including specific sexual behaviors in profile screens or printable STD laboratory request slips, may be those to prioritize for future research to determine their efficacy and impact. Focused conversations between HIV/STD directors and website owners may foster greater mutual understanding and productive partnerships. While some differences may never be resolved, we expect that further dialogue and modifying some interventions will produce strategies more acceptable to all parties. Where there is opposition based on a perception that users will reject the idea, we hope that the voices of the users themselves, which we have sought out, will help resolve these differences. For example, website owners may not be aware that the majority of website users, including those who are HIV-infected, support the option of listing HIV status in their online profiles, or that they support partner notification.
We also identified several possible online interventions that did not attract support from any of the three stakeholders, indicating that even if proven efficacious, their public health impact may be limited. Without health program directors' support, funding for development may be more difficult to obtain. Without interest among website users, interventions will have little chance of being effective at reducing transmission at a population level. If interventions are believed by website owners to be against their own or their customers' interests, particularly those that depend on changes to the website's architecture and business model, they will not be feasible. Our study identified six online interventions which did not appeal to the majority of any stakeholder group: links to social network profiles like Facebook, links to blogs about cruising experiences, profile options for drug use preferences, interest in recreational drug use during sex (''PnP''), hepatitis C status, and date of most recent STD tests. We recognize that should evidence for the efficacy of these interventions be found, their appeal to some or all of the stakeholder groups may change. We recognize that the lack of data on the true efficacy of many of the interventions we surveyed (i.e., from RCTs) is a broad limitation to our study. In fact, few interventions have direct evidence of efficacy in reducing HIV or STD incidence in RCTs, and few have evidence that they are not efficacious in RCTs [12] [13] [14] . Unless directors were familiar with specific studies related to these interventions, they were unable to base their perceptions of existing interventions on data. Furthermore, many of the interventionssuch as automatic reminders to get tested generated by the dating sites at intervals of the users' choice, or a website that would provide aggregate statistics on site user characteristics (i.e. percent of men who say they are looking for ''safe sex only'') do not exist. Additionally, in some cases the perceptions of programs' effectiveness have not been supported by data. For example, studies published after this survey was conducted have shown e-cards to be less effective than directors initially perceived [24] [25] [26] . In contrast, data support directors' perceptions that relying on infected individuals to notify their own partners is not the most effective strategy [27] . For this study, we rely on the knowledge and judgment of the public health directors of HIV and STD control programs, since in many instances this is what drives investment in programs.
Our study also suffers from the limitation of the sampling design. We believe that given the large proportion of all state and territorial HIV and STD directors who participated, we have a solid understanding of their current opinions. Similarly, our study included most of the largest websites used for finding sexual partners. However, like most online, anonymous surveys, the sample of users presents the highest degree of uncertainty as to who they represent due to self-selection. However, our demographic data for website users are comparable to recent estimates of the make-up of MSM in the United States [22] . We also recognize limitations in our measures. We found it difficult to concisely describe the content of real and hypothetical interventions, and it is possible that interpretations of what was meant varied greatly, despite efforts to maximize internal validity by piloting the surveys with key informants and target population members.
In the interest of minimizing time demands and increasing the response rate, we shortened the survey of HIV/STD program directors to allow them to pick their top strategies rather than to assess each one separately, thus introducing some incompleteness and lack of comparability for several items. Part of the rationale for this decision was also that, unlike website owners and users who only rated each intervention on one scale, HIV/STD directors were asked to estimate strategies' impact on STDs and HIV separately. This required more time. We therefore compromised in order to limit the survey length. Of note, these methods were able to garner opinions on most of the interventions, and we gained the participation of the large majority of HIV/STD directors in the United States. If asked to evaluate each intervention individually, it is possible that HIV/STD directors may have supported more of the proposed interventions.
Finally, the use of technology to seek new sexual partners is a rapidly evolving field. Since our study, use of Global Positioning Systems technology to allow searching for nearby partners has increased. While we did not include the owners of these mobile applications in our survey, many of the interventions proposed may still be applicable.
Rapid change in technology will alter the way men find new partners and likely affect rates of sexually transmitted infections, including HIV. The challenge for public health is to leverage these new technologies in order to unleash their full potential for prevention. A combination of online strategies will need to be offered to benefit the diverse MSM who use dating and hook-up websites, even if they do not choose to participate in a direct dialogue with prevention practitioners. Further dialogue and development of mutually beneficial partnerships between public health and website owners is necessary for increasing implementation of prevention strategies and for measuring their success. By solidifying these partnerships, we can create environments that help reduce HIV and STD transmission. This will be an important step towards assuring that that the mission of public health as described in 1988 by the Institute of Medicine-''to fulfill society's interest in assuring conditions in which people can be healthy'' [28] -includes the online environments of the twenty-first century.
